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@ METHOD OF PRODUaNG HYDROGEN-OCCLUSION ALLOY AND ELECTRODE USING THE ALLOY- 



@ According to this invention, part or the whole of elementary Zr as a starting material for producing alloy is 
substituted by fen-ozirconium (Zr-Fe alloy) or zircalloy (Zr-Sn alloy) in order to obtain a hydrogen-occlusion alloy 
at a reduced raw material cost and a reduced manufacturing cost, maintaining good operation efficiency, high 
^ reliability and safety In operatton. The alloy is homogeneous without segregation and. hence, is featured by very 
0> good properties specific to the hydrogen-occlusion alloy such as amount of hydrogen occlusion, reaction rate 
CM and electrode reaction efficiency in the electrolyte. Using the alloy obtained by tfiis metfiod, furtfiennore. it is 
® possible to provide a nickel-hydrogen storage eel! which has a large electric capacity, can be quickly charged 
CO and discharged, has a long life and is advantageous in economy. 
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METHOD OF PRODUCING HYDROGEN-STORING ALLOY AND ELECTRODE MAKING USE OF THE ALLOY 



Technical Reld 

TTie present invention relates to a mettiod of producing a hydrogen-storing alloy which Is capable of 
reversibly storing and releasing large quantity of hydrogen, and also to a storage battery electrode making 
5 use of the alloy. 

Background Art 

70 Hitherto, hydrogen-storing alloys of the kinds containing rare earth elements or ZrfTi) or Mg have been 
known as materials used for storage, holding and transportation of hydrogen, heat pumps, alkali storage 
batteries, and so forth. Among these alloys, alloys of Zr(n)-NI, Zr(Ti)-Fe. Zr(Ti)-V and Zr(Ti)-Sn, as well as 
alloys containing many elements which are based on these alloys with part of elements replaced with other 
element or wrth addition of another element, are attracting attention because these alloys are superior in 

75 hydrogen storage capacity, reaction speed, hydrogen-dissociating equilibrium pressure, safety in terms of 
flammability in air, and electrochemical hydrogen storage and release characteristics. More specifically, Zr- 
containing Lavas-phase alloys (ABa type alloy: A and B representing different elements) are suitable for 
practical use because they can safely store and release large quantity of hydrogen. 

In general, this type of hydrogen-storing alloy Is produced by a process which utilizes single substance 

20 of Zr or V as the starting material. More specifically, tiie single sufcistance of ttie metal as one of the starting 
material is placed at a predetermined atomic ratio in an aluminum crucible or a water-cooled copper 
crucible and is directiy melted to syntiiesize the hydrogen-storing alloy in tiie crucible by placing the 
crucible in a high-frequency induction heating surface, high-temperature resistance heating oven or an arc 
melting surface. 

25 When single substance of Zr or V is molten as one of the starting materials, the alloy composition tends 
to deviate from tiie expected composition due to such reason that such substance in molten state reacts 
with tiie metal of the crucible or due to difference in vapor pressure of such substance from those of other 
elements at high temperature. It is therefore difficult to obt^n homogeneous excelient altoy having the 
aimed composition. In addition, production of single substance of Zr or V requires a complicated refining 

30 process so that ttie prices of such substances are relatively high. Furthermore, handling of such substances 
has to be conducted with care to ensure safety, because these single substances generate toxic vapors. 
Thus, from the view points of practicality, economy and safety, it has been desired that no single substance 
of Z or V is used in the production of Zr- or V-type altoys. 

Hydrogen-storing alloys produced by processes which do not rely upon single substance of Zr or V are 

35 practical in view of both characteristics and cost and. hence, are expected to be promising as materials of 
electrodes of nickehhydrogen storage batteries. 

Disclosure of the Invention 

40 

An object of the present invention is to provide a hydrogen-storing alloy which can be produced at low 
cost with high degrees of reliability and reproducibility and which exhibits superior hydrogenation charac- 
teristis. as well as a storage battery electrode making use of the alloy, thereby overcoming the above- 
described problems encountered with tiie production of Zr- or V-containing hydrogen storing alloy. 

45 The production method according to the present invention makes use of commercially available 
ferrozirconium (Zr-Fe) alloy and zircalloy (Zr-Sn alloy) in place of single substance of Zr and ferrovanadium 
in place of single substance of vanadium, whereby a hydrogen-storing alloy can be produced with reduced 
material and production costs, high efficiency, reliability and safety in tiie production. The thus produced 
hydrogen-storing alloy is homogeneous without segregation and. therefore, is excellent in properties such 

50 as hydrogen storag capacity, reaction speed, lectroch mical hydrog n stor^e/releas charact ristics in 
an electrolyte, electrode r action efficiency, and so fortii. 

When ferrozirconium, zircaltoy and f rrovanadium cannot provide exactiy an aimed alloy composition, 
the pr sent invention does not exclude tii use of singi substance of th m tals s as to adjust th 
composition thereby enabling production of an alloy xactiy having the aimed composition, thus attaining an 
equivalent effect The method of tiie invention provides a stabi quality of the product without substantial 
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fluctuation between lots, as w II as high degree of homogenerty of the product alloy, while nsuring high 
reproducibility of storage and discharge of hydrogen, as well as reliability. Furthermore, the costs are 
reduced and occurrence of toxic vapors is prevented. It is also to be pointed out that th product alloy 
exhibits sup)erior anti-oxidation characteristics. 

5 The present invention is effective when applied to the production of a hydrogen-storing alloy. In 
particular to an alloy expressed by a general fonmula ABa [where, A represents one kind selected from the 
group consisting of: a single substance of Zn a single substance of Ti; and Zr and at least one selected 
from the group consisting of Ti, Hf, Ta, Y, Ca, Mg. La. Ce, Pr, Mm, Nb, Nd. Mo, Al and SI. B represents one 
kind selected from the group con^sting of: a single substance of Fe; Fe, V and at least one selected from 

10 the group consisting of Ni. Cr, Mn, Co, Cu. 7n, Al, Si, Nb, Mo, W, Mg, Ca, Y, Ta, Pd, Ag, Au, Cd, In. Sn, Bi, 
La, Ce, Pr. Nd. Th, Sm and Mm (Me represents a mixture of rare earth elements); and Fe and at least one 
selected from the group consisting of Ni, Cr. Mn, Co, Cu, Zn. Al. SI. Nb, Mo, W. Mg, Ca, Y, Ta, Pd, Ag. Au, 
Cd, In. Sn, Bi. La. Ce, Pr, Nd, Th, Sm and Mm. a represents a value of from 1.5 to 2.5. A and B are 
elements different each other or of different compositions. Alternatively, B represents one kind selected 

75 from the group consisting of: a single sut>stance of Sn; and Sn and at least one selected from the group 
consisting of V, Ni. Cr, Mn, Co. Cu, Zn, Al. Si, Nb, Mo, W. Mg. Ca, Y, Ta, Pd. Ag, Au, Cd, In, BI. La, Ce, Pr, 
Nd, Th. Sm and Mm (Mm represents a mixture of rare earth elements); a t>eing a value of from 1 .5 to 2.5; A 
and B being different elements each other or of different compositions], wherein the alloy phase substan- 
tially belortgs to Lavas phase of inter-metallic compound with a crystalline structure of hexagon-symmetrical 

20 CI4 type having crystalline lattice constants of a = 4.8 to 5.2 and c = 7.9 to 8.3 and/or cubic-symmetrical 
C15 type having crystalline lattice constant of a = 6.92 to 7.70. 

. The advantage of the invention is remarkable particularly also when ttie alloy produced by the at)0ve- 
described method is used as the material of a hydrogen-storing electrode of a Ni-hydrogen storage battery. 

25 

Brief Description of the Drawings 

Rg. 1 Is a diagram showing discharge cycle life characteristic of half ceils having hydrogen-storing 
electrodes as an emt»odiment of the present invention; and 
30 Fig. 2 Is a diagram showing discharge cycle life characteristic of t>atteries having negative electrodes 
made of various examples of the alloy produced by the method of the present invention. 

The Best Mode for Carrying Out the Invention 

35 In the drawings showing examples of the invention, the number (No.) of batteries represents that the 
alloy of tiie corresponding No. In Tables in the specification is used as the electrode material. (Example 1) 

Table 1 shows compositions and price ratio of a single substance of zirconium (Zr) and ferrozirconium 
alloys which are used as starting materials in the method of the present Invention. As will be seen from 
Table 1 . single sut»stance of zirconium metal has a price per unit weight which is at}out 2 to 7 tinges as high 

40 that of fenrozlrconiums. For instance, tfie ferrozirconium 1 shown in Table 1 is about 1/5 in price as 
compared with pure Zr and has a Zr content of as high as 80%. 
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Table 1 



c 
Q 




Zr 
MinO 


Fe 

(%/ 
Max. } 


Mn 

(%/ 
Max. } 


C 

{%. 
Max. ) 


Price ratio to 
unit weight of Zr 


10 


Zirconium 
(sponge) 


1 


99.8 


0.03 


0.005 


0.01 


1 




Zirconium 
(sponge) 


2 


99.5 


0.1 


0.01 


0.03 


0.61 


16 


zirconium 
(sponge) 


3 


99.0 


0.5 


0.03 


0.05 


0.52 


20 


Perro- 
zirconium 


1 


80.0 


19.5 


0.2 


0.1 


0.22 


25 


Ferro- 
zirconium 


2 


50.0 


49.2 


0.3 


0.1 


0.15 



Examination by an SEM and a TEM showed that both the-fenrozirconiums 1 and 2 have high degree of 
homogeneity. It was also found that the vapor pressure of these fenro2drconiums In a molten state Is about 
3Q 1/2 or less that of single substance of Zr, suggesting that deviation of the product composition can be made 
smaller. 

In a conventional method for producing an alloy containing Zr and Fe. in particular alloy of ABa type 
alloy of Laves phase, materials such as electrolytic iron, mond nickel and so forth are added to the 
expensive zirconium at predetermined rations and the mixture thus obtained were directly melted to form 
3g the ailoy. Thus, the conventional process Is costly and requires a complicated production process, while 
posing problems such as easy oxidation of single substance of zirconium and lack of unifonmity of the 
product altoy structure. These problems, however, can be overcome by the use of fen'ozirconiums of the 
type shown in Table 1. 

The production metiiod of the invention which makes use of a fenrozirconium can be canied out by the 

40 same procedure as tfiat of a known melting process which employs a high-frequency melting furnace or an 
arc fumace. Zr(Ti)-Fe type alloys of Nos. 1 to 5 shown in Table 5 were mixed at desired composition ratios 
and melted to form alloys. Each of these alloys exhibited higher degree of homogeneity than prior art 
aitoys, without causing any segregation. In addition, there was no sut)stantial deviation of composition from 
aimed composition. Rucluation between lots also was confimned to be small. Hydrogen storing characteris- 

45 tics such as hydrogen storage capacity, reaction speed and flammability in tiie air were examined and 
shown In the same Table. It will be seen that ttiese alloys showed large values of hydrogen storage 
capacities and excellent properties such as reaction speed. (Example 2) 

Alloys of compositions of Nos. 6 to 11 shovm in Table 2 were prepared through the same process as 
Example 1 by selecting, among ABa type alloys, aitoys expressed by a general fomiula of ZraNi7M6. 

50 [where a. 7 and s represent atomic rations of Zr, Ni and M satisfying tiie conditions of a = 0.5 to 1.5, 7 = 
0.4 to 2.5 and « = 0.01 to 1.8, 7 + 5 = 1^ to 3.7, while M represents one selected from ttie group 
consisting of: a single substance of Fe; and Fe and at least one selected from the group consisting of V. 
Mg, Ca. Y, Hf, Nb, Ta. Cr, Mo, W, Mn. Co, Pd, Cu. Ag, Au, Zn. Cd. Al, Si. In, Sn, Bi, La, Ce, Mm, Pr, Nd. Th 
and Sm], which ZraNi7M5 alloys were produced by using, as ttie starting materials, commercially available 

55 femjzirconiums and otiier elements selected from ttie group consisting of Zr, Ni, Ti. Hf, Ta, Y. Ca. Mg, La, 
Ce. Mm. Nb, Nd. Sm. Mo, Al. Si, V. Cr. Mn, F . Co. Cu. Zn. Si. Nb, Mo, W and Cd. 



5 



EP 0 413 029 A1 



Table 2 



Alloy No. 


Alloy Composition 


Hvdroapn— Storaafi 
Capacity (ml/g) 


1 


ZrFe 


186 


2 


ZrPei.25Vo.3 


245 


3 


Zri.2Feo.2Mno.4Aio.i 


211 


4 


Zro.6Tio.4Feo.6Vo. 8 


238 




5 


ZrC01.oFeo.3Mno. 3 


268 


6 


ZrVo.2Ni1.4Feo. 4 


2-2 


7 


ZrVo.3Ni1.3Feo. 2 


218 


8 


Zr1.1Hfo.1Vo.6Ni1.2Feo. 2 


207 


9 


Z ro . eVo . yNii . 2Feo . vMmo . 2 


205 


10 


ZrVo . 4Nii . sFeo . sMno . 3 


219 


11 


ZrVo . 2Nii . 3Ceo . iCoo . iFeo . 2 


200 


12 


ZrVo.2Ni1.4Feo. 4 


154 


13 


Tio.3Zro.7Vo.4Ni1.oFeo. 4 


149 


14 


Zro.4V0.3Ni1.oPeo. 5 


98 


15 


ZrVo.5Nii.3Fei.9 


112 



More specifically, the ferrozirconium and other materials were weight and mixed to provide the 
compositions shown in Table 2 and were directly melted in an argon-arc melting fumace (or by a high- 
frequency induction heating fumace maintaining argon or other inert gas atmosphere). Part of each of alloys 
thus obtained was used for alloy analysis for examining atomic composition, crystalline structure, crystalline 
lattice constants and homogeneity, white the remainder was used for measurement of hydrogen 
storage/release characteristics conducted in hydrogen gas [mainly with respect to the measurement of P 
(pressure), C (composition) and T (temperature)] as well as for evaluation of electrochemical perfonmance. 

As results of the analysis, it was confirmed that each of the alloys Nos. 6 to 11 had homogeneous 
structure with alloy phases of CI4 or CIS type Laves phase. The crystalline lattice constants thereof were a 
= 4.8 to 52. and c = 7.9 to 8.3 in a case of type CI4 which was hexagonal symmetric phase and oth r 
crystallin lattice constants were a = 6.92 to 7.70 In a case of the type CIS which was cubic symmetrical 
phase. It was confirmed also that there was no sut>stantial deviation of composition. Hydrogen storage 
capacities of these alloys w re measured from ordinary P-OT characteristics to obtain the results shown in 
Table 2. It will be seen that the storage capaciti s are greater than those of prior art alloys. Other 
characteristics such as reaction speed also were found to be exceil nt. 
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Alloys produced by conventional production methods are also shown as Nos. 12 to 15 for the purpose 
of comparison. These alloys showed inferior homogeneity and deviation of composition, and considerably 
smaller values of hydrogen storage capacity though these comparison alloys were of similar type to that of 
the alloys produced by the method of the inventi n. 

5 Many alloy compositions are obtainable by the production method of the invention in addition to those 
shown In Table 2. Hydrogen-storing electrodes were produced with those obtainable alloys but specifically 
remaricable effect was attained with the alloys having alloy phases substantially belongs to Uvas phase of 
Intermetallic compound with a crystalline structure of hexagon-symmetrical CI4 type having crystalline 
lattice constants of a = 4.8 to 2,5 and c = 7.9 to 8.3 and/or cutkic-symmetrical CI5 type having crystalline 

10 lattice constant of a = 6.92 to 7.70. 

Thus, the method of the invention for producing a hydrogen-storing alloy from a ferrozirconlum 
containing Fe and Zr as the starting material was confirmed to be simpler than known metiiods and to be 
able to provide remaricably higher degree of homogeneity, as well as superior hydrogen storage, holding 
and transportation characteristics, as compared witii alloys produced by conventional method which 

75 employed single substances of Fo and Zr as the starting materials. 

The present inventors compared and evaluated the alloys produced by the method of the invention 
from the viewpoint of hydrogen storage/release capacity. In order to find the optimum composition. 

As a result the inventors have found that the best results are obtained when the alloy composition falls 
within a range which is expressed by a general fomiula of ZraNi7M5, [where a, 7 and 5 represent atomic 

20 ratios of Zr. Ni and M. satisfying the conditions of a = 0.5 to 1.5. 7 = 0.4 to 2.5 and « = 0.01 to 1,8, 7 + « 
= 1.2 to 3.7, while M represents one selected from tiie group consisting of: a single substance of Fe; and 
fe and at least one selected from the group consisting of v, Mg, Ca, Y, Hf. Nb, Ta, Cr. Mo. W, Mn. Co. Pd. 
Cu. Ag. Au, Zn. Cd, Al. Si, In, Sn, K, La, Ce, Mm, Pr. Nd, Th and Sm]. 

Alloys having the atomic ratio 5 smaller than 0.01 or greater than 1.8 equally showed somewhat small 

25 values of hydrogen release amounts. Alloys having atomic ratio a smaller than 0.5 showed somewhat 
inferior hydrogen storage capacity, while Alloys having atomic ratio a greater than 1.5 showed compara- 
tively smail value of hydrogen release amount. Alloys having atomic ratio 7 smaller than 0.4 showed inferior 
durability against repetition of hydrogen storage/release cycles, while alloys having atomic ratio 7 greater 
than 2.5 showed somewhat small value of hydrogen storage capacity. Alloys with values (7 + B) smaller 

30 than 1.2 and greater than 23.7 respectively showed rather inferior hydrogen release amounts and rather 
inferior hydrogen storage capacities. The reasons of tiiese facts are shown below. The Zr content o is a 
factor which affects particularly the hydrogen storage capacity. The greater the Zr content, the greater the 
hydrogen storage capacity. Zr, however, forms a stable hydrogen compound and. therefore, exhibits a 
smaller hydrogen release rate and, hence, smaller hydrogen release amount The Ni content is a factor 

35 which affects particulariy the storage/release cycle (durability). The greater the Ni content the longer the 
life. A too large Ni content however, tends to reduce hydrogen release capacity. The content 5 of M relates 
specifically to the storage/release cycle and the discharge pressure. Both the storage/release cycle and the 
release pressure were improved by an increase in the M content but the hydrogen storage capacity was 
reduced as a result of the increase in the M content ft was also confirmed that the use of Fe as an 

40 essential element provides higher meltability and homogeneity of alloys, as well as industrial and economi- 
cal advantages due to its low price. 

Hydrogen-storing negative electrodes of alkali storage battery were produced by the alloys of the 
invention. The aitoys having a composition expressed by the above-menttoned general formula of ZraNi7M5 
showed specifically large electric storage capacity values, as shown in Table 3. 

45 
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Table 3 



5 


Alloy No. 


Alloy Composition 


Amount of discharae 
after 10 cycles 

(mAh/g) 




16 


ZrNii.4Feo.6 


346 


10 


17 


ZrNi1.3Peo.25Vo. 3 


345 




18 


Zr1.2Ni1.2Feo.2MnO. 5 


341 


75 


19 


Zro.6Nii.2Feo,6Vo.8 


338 



20 


ZrNii,oFeo.3Mno.3 


368 


21 


ZrNii . 3Ceo. iCoo . iFeo . 2 


338 



(Example 3) 

Table 4 shows compositions and price ratio of a single substance of zirconium (Zr) and zircalloys which are 
used as starting materials in the method of tiie present invention. As will be seen from Table 4, single 
substance of zirconium metal has a price per unit weight which Is about 3 to 8 times as high that of 
zircalloys. For instance, the zircalloy 1 shown in Table 1 is about 1/7 in price as compared with pure Zr and 
yet the Zr content is as high as 98%. 



35 
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Table 4 







Zr 
Min. ) 


Sn 
(%, 

Max. ) 


Fe 
Max. ) 


Cr 
Max. ) 


Price ratio to 
unit weight of Zr 


10 


Zirconium 
1 ( sponge ) 


99.8 


0.005 


0.03 


0.05 


1 




zirconium 
2 (sponge) 


99.5 


0.01 


0.1 


0.07 


0 .61 


16 


Zirconium 
3 (sponge) 


99 . 0 


0 . 04 


0.5 


0.17 




20 


Zircalloy 
1 (bulk) 


98.1 


1.4 


0.1 


0.1 


0.15 


25 


Zircalloy 
2 (bulk) 


90.0 


5.2 


1.4 


1.2 


0.12 



Further, the examination thereof showed that t)Oth the zircalloys 1 and 2 have high degree of 
homogeneity. It was also found that the vapor pressure of these zircalloys when molten Is lower than that of 

^ single substance of Zr, suggesting that deviation of the product composition can be made smaller. 

In the conventional method for producing an alloy containing Zr and Sn, in particular alloys of ABa type 
alloy of Laves phase, materials such as electrolytic iron, mond nickel, single substance of Sn and so forth 
are added Id the expensive zirconium at a predetermined ratio and the mixture thus obtained were directly 
melted to form the alloy. Thus, the conventional process Is high in cost and requires a complicated 

^ production process, while posing problems such as easy oxidation of single substance of zirconium and 
lack of uniformity of the product alloy structure. These problems, however, can be overcome by the use of 
zircalloys of the type shown in Table 4. 

The production method of the invention which makes use of a zircalloy can be carried out by the same 
procedure as that of a known melting process which employs a high-frequency melting fumace or an arc 

^ fumace. Zr(Ti)-M type alloys (M being Sn and at least one selected from the group consisting of Fe. V, Mg. 
Ga. Y. Hf, Nb, Ta. Cr, Mo, W, Mn, Co. Pd, Cu. Ag. Au, Zn, Cd, Al, Si. In. Bi. La. Ce. Mm, Pr. Nd. Th and 
Sm) of Nos. 22 to 26 shown in Table 5 were dispensed at desired composition ratios and melted to form 
altoys. Each of these alloys exhibited higher degree of homogeneity tiian prior art altoys. without suffering 
any segregation. In addition, tiiere was no substantial deviation of composition from aimed composition. 

^ Ructuation between lots also as confirmed to be small. Hydrogen storing characteristics such as hydrogen 
storage capacity, reaction speed and flammability in the air were examined and shown in the same Table. It 
will be seen ttial these alloys showed large values of hydrogen storage capacity and excellent properties 
such as reaction speed. (Bcample 4) 

Alloys of compositions of Nos. 27 to 32 shown in Table 5 were prepared by ttie same process as 

50 example 3. selecting, among ABa type alloys, alkjys expressed by a general fonnula of ZraNi7M5. [where 
a, 7 and 5 represent atomic rations of Zr, Hi and M. satisfying the conditions of a = 0.5 to 1.5, 7 = 0.4 to 
2.5 and 5 = 0.01 to 1.8. 7 + 5 = 1.2 to 3.7, while M represents one selected from the group consisting of: 
a single substance of Sn; and Sn and at least one s lected from the group consisting of F , V, Mg. Ca, Y. 
Hf, Nb. Ta, cr. Mo. W, Mn. Co. Pd. Cu. Ag, Au, Zn. Cd. Ai. Si. In, Bi. La, Ce, Mm. Pr. Nd. Th and Sm], using 

65 as the starting materials, commercially available zircaltoys and other elements such as Zr. Ni. Ti. Hf, Ta, Y. 
Ca, Mg, U Ce, Mm. Nb. Nd. Sm. Mo. Al. Si, V, Cr. Mn. Fe. Co. Cu. Zn. SI. Nb. Mo. W and Cd. 



9 



EP 0 413 029 A1 



Table 5 



5 


Alloy No* 


Alloy Composition 


Hydrogen-Storage 
Capacity (ml/g) 




22 


ZrSnn or 


384 


10 


23 




345 




24 


Zt"! iSnn oMnn ^Aln ^ 


351 


15 


25 


Zrn cTin oSrin fiVnn ft 


337 






328 




^ / 


^1. oiiQ^ 3 V Q , 2*^-'-JL . 4 


252 


20 


28 


ZrSnn iVn iNii iFGn o 


226 








241 






cTin TSnn iNii i;Minn n 


219 




31 




204 


30 


32 


ZrSnn 7Nii iCen iCon 4 


223 




33 


ZrSno.iVo,3Nii.5 


162 




34 


Zro.7Tio.3Sno,3Vo.7Nii.o 


150 


35 


35 


ZrSno.2Vo.3Ni1.2Feo, 2 


135 




36 


ZrSno,5Nii.3Pei.9 


122 



40 



More specifically, zircalloys and other materials were weighed and mixed to provide the compositions 
shown in Table 5 and were directly melted in an argon-arc melting furnace (or by a high-frequency 
induction heating furnace maintaining argon or other inert gas atmosphere). Analysis and evaluation 
methods are the same as that explained in connection with fenrozirconium. 

As results of the analysis, it was confirmed that each of the alloys Nos. 27 to 32 shown in Table 5 had 
homogeneous structure with alloy phases of CI4 or CIS type Laves phase. The crystalline lattice constants 
were a = 4.8 to 52. and c ~ 7.9 to 8.3 in a case of type CI4 which was hexagonal symmetric phase and 
the crystalirne lattice constant were a = 6.92 to 7.70 in anotiier case of the type CIS which was cubic 
symmetrica] phase. It was confirmed also that there was no substantial deviation of composition. Hydrogen 
storage capacities of ttiese alloys were measured from ordinary P-C-T characteristics to obtain the results 
shown in Table 5. It will be seen that the storage capacities are greater tiian those of known alloys. Other 
characteristics such as reaction speed also were found to be excellent. 

Alloys produced by conventional production methods are also shown in Table S as Nos. 33 to 36 for the 
purpose of comparison. These alloys showed inferior homogeneity and deviation of composition, and 
consid rably smaller values of hydrog n storage capacity though these comparison alloys were of similar 
type to that of the alloys produced by tiie metirod of tiie invention. 

Many alloy compositions are obtainable by th production metiiod of th invention in addition to those 
shown in Table 5. Hydrogen-storing electrodes were produced with those obtainable alloys but specifically 
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remarkable ffect was attained witti alloys having a composition xpressed by a g neral fomnula ABa - 
[where, A represents at least one selected from the group consisting of Zr, Ti. Hf. Ta. Y. Ca, Mg. La. Ce, 
Pr/ Mm. Nb. Nd. Mo. Al and Si and B represents one kind selected from the group consisting of: a single 
substance of Sn; and Sn and at least one selected from the group consisting of Fe. V. Ni. Cr. Mn. Co. Cu. 
Zn, Al. Si. Nb. Mo. W. Mg. Ca. Y. Ta. Pd, Ag. Au. Cd, In, Bi. La. Ce. Pr. Hd, Th. Sm and Mm (Mm 
represents a mixture of rare earth elements); o represents a value of 1.5 to 2.5. and A and B are different 
elements], wherein the alloy phase substantially belongs to Lavas phase of intennetallic compound with a 
crystalline structure of hexagon-symmetrical CI4 type with crystalline lattice constants of a = 4.8 to 5^ and 
c = 7.9 to 8.3 and/or cubic-symmetrical CIS type with crystalline lattice constant of a = 6..92 to 7.70. 
Further, regarding the cubic-symmetrical CI5 type, alloys having crystalline lattice constant of 6.92 to 7.70 
particularly exhit>ited excellent characteristics. 

Thus, the method of the invention for producing a hydrogen-storing alloy from a zircalloy containing Zr 
and Sn as the starting material was confirmed to be simpler than known methods and to be able to provkJe 
much higher degree of homogeneity, as well as hydrogen storage, holding and transportation characteris- 
tics, as compared with alloys produced by conventional method which emptoyed single sut)stances of Fe 
and Zr as the starting materials. 

The present inventors compared and evaluated tiie alloys produced by the method of the invention 
from the viewpoint of hydrogen storage/release capacity. In order to find the optimum composition, as in the 
case of the fenrozirconium altoy (Zr-Fe alloy) explained before. 

As a result, the inventors have found that tiie best results are obtained when the alloy composition falls 
within a range which is expressed by a general formula of ZraNi7M5, [where a, 7 and 5 represent atomic 
ratios of Zr. NI and M. satisfying tfie conditions of a = 0.5 to 1.5, 7 = 0.4 to 2.5 and 5 0.01 to 1.8, 7 + 5 = 
1.2 to 3.7, while M represents one selected from the group consisting of: a single substance of Sn; and Sn 
and at least one selected from tiie group consisting of Fe, V. Mg, Ca, Y. Hf, Nb. Ta. Cr. Mo, W, Mn, Co, Pd. 
Cu, Ag. Au, Zn. Cd, Al, Si. In. Bi. La. Ce. Mm. Pr. Nd. Th and Sm]. 

Alloys having the atomic ratio 5 smaller than 0.01 or greater than 1.8 showed somewhat small values of 
hydrogen release amounts. Altoys having atomic ratio asmaller tiian 0.5 showed somewhat inferior 
hydrogen storage capacrty, while Alloys having atomic ratio a greater than 1.5 showed comparatively small 
value of hydrogen release amount Alloys having atomic ratio 7 smaller than 0.4 showed inferior durability 
against repetition of hydrogen storage/release cycles, while alloys having atomic ratio 7 greater than 2.5 
showed somewhat small value of hydrogen storage capacity. Alloys with values (7 + 5) smaller than 1 .2 
and greater ttian 3.7 respectively showed ratiier inferior hydrogen release amounts and rather inferior 
hydrogen storage capacities. The reasons of these fads are shown below. The Zr content a Is a factor 
which affects particularly ttie hydrogen storage capacity. The greater tiie Zr content, the greater the 
hydrogen storage capacity. Zr, however, fomns a stable hydrogen compound and, therefore, exhibits a 
smaller hydrogen release rate and, hence, smaller hydrogen release amount The Ni content is a factor 
which affects particulariy the storage/release cycle (durability). The greater the ni content, tiie longer tfie 
life. A too large NI content, however, tends to reduce hydrogen stor^e capacity. The content 5 of M relates 
specifically to the storage/release cyde and tiie discharge pressure. Both the storage/release cycle and tiie 
release pressure were improved by an increase in tiie M content, but the hydrogen storage capacity was 
reduced as a result of the increase in the M content It was also confinmed that the use of Sn as an 
essential element provides higher meltability and homogeneity of alloys, as well as industrial and economi- 
cal advantages due to its low price. 

Hydrogen-storing negative electrodes of alkali storage battery were produced by the alloys of the 
invention. The alloys having a composition expressed by the atrave-mentioned general fonmula of ZraNi7M5 
showed specifically large electric storage capacrty values. 
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Table 6 



Alloy 
No. 


Alloy Composition 


Amount of Discharge 
after 10 cycles (mAh/g) 


37 


ZrSnn ^Nii k 


334 


38 


ZrSnn 25Nii 3V0 3 


328 


39 


Zr1.2Sno.2Ni1.2Mno. 5 


343 


40 


Zro.9Sno.iNii.2Peo,3Vo.8 


326 


41 


ZrSno.3Nil.2Cro. 3 


337 


42 


ZrSno.2Nii.3Ceo.iCoo.i 


312 



20 

(Example 5) 



Table 7 shows compositions and price ratio of a single substance of vanadium (V) and fenrovanadium 
alloys which were used as starting materials in the method of the present invention. As will be seen from 
Table 1, single substance of vanadium metal has a price per unit weight which is about 3 to 4 times as high 
that of ferrovanadium. For Instance, the ferrovanadium 1 shown in Table 7 is about 1/3 in price as compared 
with pure vanadium and yet the vanadium content is as high as 70%. 



Table 7 





V (%, 
min. ) 


Pe (%, 
Max.) 


Mn (%, 
Max. ) 


C (%, 
Max.) 


Price ratio to 
unit weight of V 


Vanadium 1 
(Flake) 


99.8 


0.03 


0.002 


0.01 


1 


Vanadium 2 
(Flake) 


99.5 


0.1 


0.01 


0.03 


0.71 


Vanadium 3 
(Flake) 


99.0 


0.5 


0.03 


0.05 


0.62 


Ferro- 
vanadium 1 


70.00 


29.3 


0-2 


0.1 


0.32 


Ferro- 
vanadium 2 


40.0 


59.2 


0.3 


0.1 


0.25 



55 

Examination showed that both the ferrovanadiums i and 2 have high degree of homogeneity. It was 
also found that the vapor pressur of these fenrovanadium when melted is about 1/2 or less that of single 
sut>stance of V, suggesting that deviation of the product composition can be made smaller. 
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In the conventional method for producing an altay containing in and Fe. In particular all y of ABa type 
alloy of Lavas phase, materials such as electrolytic iron, mond nickel and so forth ar added to the 
expensive vanadium at predetemined ratio and the mixture thus obtained wer directly melted to fonm th 
alloy. Tlius. the conventional process Is costly and requires a complicated production process, while posing 

5 problems such as toxicity of single substance of V and lack of uniformity of the product alloy structure. 
These problems, however, can be overcome by the use of fenrovanadiums of the type shown in table 7. 

The production method of the invention which makes use of a ferrovanadium can be canried out by the 
same procedure as that of a known melting process which employs a high— frequency melting furnace of 
an arc fumace. Ti(Zr)-Ni type alloys, Fe-V type alloys and Ti(Zr>-V type alloys of Nos. 43 to 47 shown in 

70 Table 8 were dispensed at desired composition ratios and melted to form alloys. Each of these alloys 
exhibited higher degree of homogeneity than prior art alloys, without suffering any segregation. In addition, 
there was no substantial deviation of composition from aimed composition. Ructuation between lots also 
was confirmed to be small. Hydrogen storing characteristics such as hydrogen storage capacity, reaction 
speed and flammability in the air were examined and shown in the same Table, it will be seen that these 

15 alloys showed large values of hydrogen storage capacities and excellent properties such as reaction speed. 
(Example 6) 

Alloys of compositions of Nos. 48 top 53 shown in Table 8 were prepared by the same process as 
Example 1. selecting, among ABa type alloys, alloys expressed by a general formula of ZraV^NIyMS, 
[where a. i8. 7 and 5 represent atomic ratios of Zr, V, Ni and M satisfying the conditions of a - 0.5 to 1 .5. ^ 

20 = 0.01 to 1.2, 7 = 0.4 to 2.5 and 5 = 0.01 to 1.8. ^ + 7 + 6 = 1.2 to 3.7, while m represents one 
selected from the group consisting of: a single substance of Fe; and Fe and at least one selected from the 
group consisting of Mg. Ca, Y. Hf. Nb, Ta. Cr, Mo, W. Mn. Co, Pd. Cu, Ag. Au, Zn. CkJ. Al, Si, In. Sn. 81, La. 
Ce. Mm. Pr. Nd. Th and Sm], using, as the starting materials, commercially available femjvanadiums and 
other elements such as Zr, Ni. Ti, Hf, Ta. Y. Ca, Mg. La. Ce. Mm. Nb. Nd. Sm, Mo. Al, Si, V. Cr, Mn. Fe. 

25 Co. Cu. Zn. Si. Nb, Mo. W and Cd. 

Table 8 



Alloy 
No. 


Alloy Composition 


Amount of discharge 
after 10 cycles 

(mAh/g) 


43 


FeV 


177 


44 


TiFei.2Vo,8 


181 


45 


ZrVi.sFeo.s 


243 


46 


Tio.5Zro.5Vl.2Feo. 8 


218 


47 


PeV1.0Mn0.5CO0 5 


162 


48 


ZrVo.2Nil.4Feo. 4 


202 


49 


ZrVo.3Nil.3Peo. 2 


218 



50 



55 
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c n 
50 


Zri . 2V0 . 6N11 . 2^eo . 2 


907 
ifaU / 


51 


Zr 0 . eVo . 9N11 . 2Feo , 7 


90"; 


52 


ZrVo . 4N11 , oFeo . 3Mno , 3 


91 Q 


53 


Z r VI 0 . 2NH . 3Ceo . iCoo . xFe 0 . 2 


9nn 






141 


55 


TiVo . 4Nii . oFeo . 3Mno . 3 


146 


56 


Zro.4Vo.3Nil.oFeo. 5 


84 


57 


ZrV0.lNi1.3Fe1. 9 


108 



More specifically, fenrovanadiums and other materials were weighed and mixed to provide the composi- 
tions shown in Table 8 and were directly melted in an argon-arc melting furnace to fonm alloys. Hydrogen 
storage capacities of these alloys were measured from ordinary P-C-T characteristics to ot}tain the results 
shown in Table 8. It will be seen that the storage capacities are greater than those of prior art alloys. Other 
characteristics such as reaction speed also were found to be excellent 

Alloys produced by conventional production methods are also shown as Nos. 54 to 57 for the purpose 
of comparison. These alloys showed inferior homogeneity and deviation of composition, and considerably 
smaller values of hydrogen storage capacity as shown in Table 9, though these comparison alloys were of 
similar type to that of the alloys produced by the method of the invention. 

Thus, the method of the invention for producing a hydrogen-storing alloy from a ferrovanadium 
containing Fe and V as the starting material was confimned to be simpler than prior art methods and to be 
able to provide much higher degree of homogeneity, as well as superior hydrogen storage, holding and 
transportation characteristics, as compared with alloys produced by conventional method which employed 
single substances of Fe and v as the starting materials. 

The present inventors compared and evaluated the alloys produced by the method of the invention 
from the viewpoint of hydrogen storage/release capacity, in order to find the optimum composition. 

As a result, the inventors have found that the t)est results are obtained wf>en the alloy composition falls 
within a range which is expressed by a general formula of ZraVi9Ni7M5, [where a, ^, 7 and 5 represent 
atomic ratios of Zr, V, Ni and M, satisfying the conditions of a = 0.5 to 1.5 , ^ = 0.03 to 1.2, 7 = 0.4 to 2.5 
and 5 = 0.01 to1.8, /3+7 + 5 = 1.2to 3.7. while M represents one selected from the group consisting of: 
a single, substance of Fe; and Fe and at least one selected from the group consisting of Mg. Ca, Y. Hf, Nb, 
Ta. Cr, Mo. W, Mn, Co. Pd, Cu, Ag. Au, Zn, Cd, Zl, In. Sn. Bi. La, Ce. Mm, Pr. Nd. Th and Sm]. 

Alloys having the atomic ratio jS smaller than 0.01 or greater than 1.2 showed rather small amount of 
release of hydrogen, though considerably large values of hydrogen storage capacity were observed. Alloys 
having the atomic ratio h smaller than 0.01 or greater than 1.8 showed somewhat smalt values of hydrogen 
release amounts. Alloys having atomic ratio a smaller than 0.5 showed somewhat inferior hydrogen storage 
capacity, while Alloys having atomic ratio a smaller than 0.5 showed somewhat inferior hydrogen storage 
capacity, while Alloys having atomic ratio a greater than 1 .5 showed comparatively small value of hydrogen 
release amount. Alloys having atomic ratio 7 smaller than 0.4 showed inferior durability against repetition of 
hydrogen storagefrelease cycles, while alloys having atomic ratio 7 greater than 2.5 showed somewhat 
small value of hydrogen storage capacity. Alloys with values (j8 + 7 + 5) smaller than 1.2 or greater than 
3.7 respectively showed rather inferior hydrogen release amounts and rather inferior hydrogen storage 
capacities. Th reasons of these facts are shown ttelow. The Zr content a and the V content are factors 
which affect partioilarly the hydrogen storage capacity. The greater the Zr and V contents, th greater the 
hydrogen storage capacity. Zr and V, how v r, fonm stable hydrogen compounds and. therefore, exhibits a 
small r hydrogen release rate and, h nee, smaller hydrogen release amount The Ni content is a factor 
which affects particularly the storage/release cycle (durability). The greater the Ni contents the longer the 
life. A too large Ni cont nt, however, tends to reduce hydrogen storage capacity. Th content 5 of M relates 
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specifically to the si rage/release cycle and th r I as pressur . Both the storage/retease cycle and the 
releas pressure were improved by an increase in the M content, but the hydrogen storage capacity was 
reduced as a result of the increase in the M content. It was also confirm d that the use of Fe as an 
essential element provides higher meltablllty and homogeneity of alloys, as well as industrial and economl- 

5 cal advantages due to its tow price. (Example 7) 

Alloys of compositions of shown In Table 9 were prepared by selecting, among ABa type alloys, alloys 
expressed by a generai formula of ZraV^Ni^MS, [where a. i3. y and 5 represent atomic ratios of Zr. V, Ni 
and M. satisfying the conditions of a = 0.5 to 1.5. i5 = 0.01 to 1 J2, 7 = 0.4 to 2.5 and 5 = 0.01 to 1.8. ^ + 
7 + 5 =1.2 to 3.7, while M represents one selected from the group consisting of: a single substance of Fe; 

10 and Fe and at least one selected from the group consisting of Mg. Ca. Y. Hf. Nb, Ta. cr, Mo, W. Mn. Co. 
Pd, Cu, Ag, Au, Zn. Cd. Al. Si, In. Sn, Bi, La. Ce, Mm, Pr. Nd. Th and Sm], using, as the starting materials, 
commercially available fenrovanadiums and other elements such as Zr. NI. Ti. Hf, Ta. Y. Ca. Mg, La, Ce, 
Mm. Nb. Nd, Sm, Mo, Al, Si, V. Cr. Mn, Fe, Co. Cu. Zn, SI. Nb, Mo. W and Cd. 

As a result of analysis, it was found ftat the alloys Nos. 58 to 63 among the alloys shown In Table 9 

75 have main alloy phases of CI4 or CI5 Lavas phase. These alloys showed almost no deviation of 
composition. Furttiermore. these alloys showed greater values of hydrogen storage capacity tfian conven- 
tional alloys when evaluated through measurement of ondinary P-C-T characteristics witii hydrogen gas. 
Characteristics such as reaction speed and equilibrium pressure hysteresis also were found to be superior. 
Alloys Nos. 64 to 68 are conventional alloys used as materials of hydrogen-storing electrodes. These 

20 alloys do not meet the requirements of tiie invention: namely, the alloys phases of these comparison 
sample altoys did not belong to Uvas phase of intenmetallic compound witi) a crystalline structure of 
hexagon-symmetrical CI4 type witii crystalline lattice constants of a = 4.8 to 5.2 A (Angstrom) and c - 7.9 
to 8.3 and.or cubic-symmetrical CI5 type with crystalline lattice constant of a = 6.92 to 7.70. More 
specifically, the alloy No. 64 had a too large atomic ratio of V. tfie alloy No. 65 had a too small atomic ratio 

25 of Zr. tfie altoy No, 66 had a too small atomic ratio of Ni and the alloy No. 67 had a too large atomic ratio of 
M. The alloy No. 68 had tiie same alloy composition as the alloy No. 58 but was prepared by a process 
which did not use ferrovanadium. 

Perfomiance of ttiese alloys, when used as negative electrodes of alkali storage batteries, were 
evaluated through semi-battery test of tiie negative electrodes. The evaluation method and the results are 

30 shown in Rg. 1 . as well as in the foltowing description. 

Each alloy produced by melting was pulverized into particles of particle size below 300 meshes. 5 g of 
ttiis particulated alloy was mixed with 0.5 g of polyetiiylene powder as tiie binder and 2 g of cartDonyl nickel 
as a conducting agent The mixture was suffidentiy stinred and blended and was applied around a nickel 
mesh (wire diameter 0.2 mm. 16 mesh) which was used as a core conductor, and was then pressed into a 

35 tabular form. The alloy in tiie tabular form was heated at 120* C in a vacuum so as to melt and remove 
polyetiiylene, and then a lead was connected to the tabular alloy thus completing a hydrogen-storing altoy. 

In order to evaluate the performance of the alloy as the negative etectrode of a secondary battery, 
sintered nickel plates used in commercially available nickel-cadmium battery were used as positive 
electrodes (opposite electrodes) and were combined witti tfie hydrogen-storing alloy negative electrodes 

40 such ttiat the amounts of the positive electrodes were excess of tfiose of the negative electrodes in tennis of 
electricity capacity. Batteries were fonmed witti ttiose pairs of electrodes, using non-woven polyamide clottis 
as separators and using an electrolyte whteh was prepared by adding 20 g/1 of lithium hydroxide to an 
aqueous solution of caustic potash having a spedfic gravity of 1.30. The batteries were subjected to 
repeated charging and discharging witti constant electrical current at 20 *C. The amount of electricity 

45 charged was 500 mA x 5 hours, while discharge was conducted at 30 mA witti a voltage below 0.8 V being 
cut 

Table 9 shows the discharge capacitances In ttie open systems as observed in lOtti 
charging/discharging cycles, while Rg. 1 shows ttie charging/discharging cycle life characteristics. More 
specifically, in Rg. 1, ttie axis of abscissa represents tiie number (») of ttie charging/discharging cycles. 

50 while axis of ordinate represents ttie discharging capacity per 1 g in ttie open system as observed in ttie 
batteries having negative electrodes made of alloys of ttie invention, togetiier with tiie characteristics 
obtained witti unacceptable alloys {Table 9). The numbers (Nos.) allocated to ttie batteries shown in Rg. 1 
correspond to ttie Nos. of alloys shown in Table 9. From the comparison between the alloy No. 58 and ttie 
altoy No. 68. as well as from the comparison t>etween tti alloys Nos. 58 to 63 and the alloys Nos. 64 to 67, 

55 it will be seen ttiat tfie hydrogen-storing alloys of ttie present invention hav greater values of discharge 
capacities, as w II as superior durability (cycle Irfe characteristics), as compared with conventional alloys. 
Superiority in quick charging/discharging characteristics also was confinnfied. 
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Table 9 



Alloy 
No. 


Alloy Composition 


Amount of discharge 
after 10 cycles (mAh/g) 


58 


ZrVo.2Nll.4Feo. 4 




59 


ZrVo.3Nl1.3Feo. 2 




60 


Zri.2Vo.6Nll,2Feo.2 




61 


Zro.tVo.9Nil.2Feo. 7 




62 


Z rVo . 4N1 1 . oFeo . 3Mno . 3 


ICQ 


63 


Z rVo . 2Nii . 3Ceo . iCoq . iFeo . 2 


0 0 Q 




^rvi.3Wio,9J:ei. 5 


197 


65 


Zro.4V0.3Nil.0Feo. 5 


144 


66 


ZrVo.sNio.aFei.o 


199 


67 


ZrVo,5Nii.3Fei.9 


185 


68 


ZrVo.2Ni1.3Feo. 4 


298 



Many alloy compositions for hydrogen-storing electrodes are obtainable by tlie production method of 
the Invention in addition to those shown in Table 9. The alloy phases of those alloys substantially belonged 

^ to Lavas phase of intermetallic compound having a crystalline structure of hexagon-symmetrical 014 type 
with crystalline lattice constants of a = 4.8 to 5.2 and c = 7.9 to 8.3 and/or cubic-symmetrical 015 type with 
crystalline lattice constant of a = 6.92 to 7.70. 

The Inventors have found that tfie best results are obtained when tiie alloy composition falls within a 
range which is expressed by a general fbnmula of Zxa\/fiH\ylASl where a, /3. 7 and 5 represent atomic ratios 

^ of Zr. V, Ni and M satisfying ttie conditions of a = 0.5 to 1.5, p = 0.01 to 1 .2, 7 = 0.4 to 2.5 and 5 = 0.01 
to1.8.^ + 7 + 5 = 1.2to 3.7, while M represents one selected from the group consisting of: a single 
substance of Fe; and Fe and at least one selected from the group consisting of Mg. Ca, Y, Hf, Nb, Ta, Or. 
Mo. W, Mn. Co, Pd, Cu, Ag, Au, Zn, Od. Al, Si. In. Sn. Bi. La, Ce, Mm. Pr. Nd, Th and Sm]. 

Alloys having the atomic ratio j8 smaller than 0.01 or greater than 1.2 showed rather small amount of 

^ release of hydrogen, though considerably large values of hydrogen storage capacity were observed. Alloys 
having the atomic ratio 5 smaller than 0.01 or greater than 1.8 showed somewhat small values of hydrogen 
release amounts. Alloys having atomic ratio a smaller than 0.5 showed somewhat inferior hydrogen storage 
capacity, while alloys having atomic ratio a greater tiian 1.5 showed comparatively small value of hydrogen 
release amount Alloys having atomic ratio 7 smaller than 0.4 showed inferior durability against repetition of 

^ hydrogen storage^release cycles, while alloys having atomic ratio 7 greater than 2.5 showed somewhat 
small value of hydrogen storage capacity. Alloys with values {fi + y + f) smaller than 1.2 or greater than 
3.7 respectively showed rather inferior hydrogen release amounts and rattter inferior hydrogen storage 
capacities. The reasons of tiiese facts are shown below. The Zr content a and the V content are factors 
which affect particulariy the hydrogen storage capacity. The greater the Zr and V contents, the greater the 

^ hydrog n storage capacity. Zr and V. however, fomn stable hydrogen compounds and. tfierefore, exhibits a 
smaller hydrogen release rate and, hence, smaller hydrogen release amount The Ni content is a factor 
which affects particulariy the storage/release cycle (durability). The greater the Ni content the longer the 
life. A too large Ni content however, tends to reduce hydrogen storage capacity. The content 5 of M relates 
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specifically to the storage/release cycle and the release pressure. Both the storage/release cycle and the 
rel ase pressure were improved by an increase in the M content, but the hydrog n storage capacity was 
reduced as a result of the increase In the M content. It was also confinned that the use of Fe as an 
essential element provides higher meltability and homogeneity of alloys, as well as Industrial and economi- 
cal advantages due to its low price. 

The hydrogen-storing alloys, formed by using a fenovanadium containing Fe and V as the starting 
material, exhibited very high degree of homogeneity, and hydrogen-storing electrodes making use of these 
alloys as the major component exhibit superior perfonmance when used as negative electrodes of an alkali 
batteries, as compared with alloys formed by the conventional process which makes use of single 
substances of Fe and v as the starting materials. (Example 8) 

A U2 type cylindrical hemietic nickel-hydrogen secondary batteries were produced using the above- 
mentioned hydrogen-storing alloy electrodes and tiius fonned batteries were evaluated. As in the case of 
ttie single^lectrode test mentioned before, ttie alloy was pulverized into particles of a particle size below 
300 meshes, and was mixed witti a binder such as polyvinyl alcohol, whereby a paste was formed. The 
paste was applied to a punching metal plate plated witti nrckel and was ttien dried. The plate was then 
slitted into strips of 3.9 cm wide and 26 cm long, and lead plates were spot-welded to predetermined 
portions on the strip tiius forming hydrogen-storing alloys. Known foamed nickel electrodes, in the form of 
strips of 3.9 cm wide and 22 cm long, were used as the opposing electrodes. A polyamide non-woven ctoth 
was used as separators, togeti>er witii an electrolyte whrch was formed by adding 20g/l of litiiium 
hydroxide to an aqueous solution of caustic potash having a specific gravity of 1.20. The nominal capacity 
was 3.0 Ah. 

The evaluation was conducted by subjecting tiiese batteries to charging/discharging cycles repeated at 
20* C. The charging was conducted for 15 hours at 0.1C (10 -hour charging rate), while the discharging was 
conducted at O^C (5-hour discharge rate) until the voltage is reduced to the final voltage of 0.9V. The 
results of this test are shown in Fig. 2. The Nos. of ttie batteries appearing in Fig. 2 conrespond to tiie Nos. 
of alloys shown in Table 2. The batteries incorporating electrodes made of tiie hydrogen-storing ailoys of 
tt>e invention maintained discharge capacities of about 3.0 to 3.2 Ah and did not show any degradation in 
tfte perfonnance even after 500 charging/discharging cycles. Industrial Applicability: 

The alloys produced by the mettiod of the present invention, as well as electrodes made from such 
alloys, exhibit high degrees of homogeneity and reduced fluctuation in quality between lots, thus offering 
high stability of quality and high reliability. In addition, the price of tfie alloy is tow by virtue of low materia! 
cost and simplified production process. Ctonsequentiy. the present invention provides alloys which are 
superior in various characteristics such as hydrogen storage/release characteristics and cycle life, as well as 
oxidation resistance. Thus, ttie alloys produced by the metiiod of ttie present invention find various 
industrial uses such as storage, holding and transportation of hydrogen, elements of a heat pump, elements 
of alkali batteries (nickel-hydrogen battery) and so fortti. ttius offering great industrial advantages. 



Claims 

1. A method of producing a hydrogen-storing alloy, characterized by using, as a starting material, at least 
a ferrozirconium (Zr-Fe altoy). 

2. A mettiod of producing a hydrogen-storing altoy. characterized by using, as a starting material, at least 
a ferrozirconium (Zr-Fe alloy), wherein said hydrogen-storing alloy is an alloy expressed by a general 
formula of ABa [where. A represents at least one selected from the group consisting of Zr, Ti, Hf, Ta. Y. 
Ca, Mg. U. Ce, Pr. Mm, Nb. Nd, Mo, AI and Si and B represents one selected from tine group 
consisting of: a single substance of fe; and fe and at least one selected from tire group consisting of V. 
Ni. Cr. Mn. Co. Cu. Zn. AI, Si. Nb. Mo, W. Mg. Ca. Y. Ta. Pd. Ag. Au, Cd, In, Sn. Bi, La. Ce. Pr, Nd. Th. 
Sm and Mm (Mm represents a mixture of rare eartfi elements); a represents a value of from 1.5 to 2.5, 
and A and b are different elements], wherein the alloy phase substantially belongs to Lavas phase of 
intermetallic compound witii a crystalline structure of hexagon-symmetrical CI4 type having crystalline 
lattice constants of a = 4.8 to 5.2 and c « 7.9 to 8.3 and/or cubic-symmetrical CIS type having 
crystalline lattice constant of a = 6.92 to 7.70. 

a A method of producing a hydrogen-storing alloy according to Claim 1. wherein said alloy or its 
hydrogenated product contains, as the compon nt A. at least 30 atom % of Zr. 
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4. A m thod of producing a hydrogen-storing alloy according to one of Claims 1, 2 and 3, wherein said 
alloy or its hydrogenated product is expressed by a general fonmula of ZraNi7M5, [where a. 7 5 
represent atomic ratios of Zr, Ni arKi M, satisfying th conditi ns of a = 0.5 to 1 .5, 7 = 0.4 to 2.5 and S 
= 0.01 to 1.8, 7 + S = 1.2 to 3.7, while M represents one selected from the group consisting of: a 

5 single substance of Fe; and Fe and at least one selected from the group consisting of V, Mg, Ca, Y, Hf. 
Nb, Ta, Cr, Mo. W, Mn. Co. Pd. Cu. Ag, Au, Zn, Cd, A.. Si, In. Sn. Bi. La. Ce. Mm. Pr, Nd, Th and Sm]. 

5. An electrode made of a hydrogen-storing alloy produced by utilizing at least a fenrozirconium (Zr-Fe 
alloy) as a starting material. 

10 

6. A method of producing a hydrogen-storing alby, characterized by using, as a starting material, at least 
a zircalloy (Zr-Sn alloy). 

7. A method of producing a hydrogen-storing alloy, characterized by using, as a starting material, at least 
75 a zircalloy (Zr-Sn alloy), wherein said hydrogen-storing alloy is an alloy expressed by a general formula 

ABa [where, A represents at least one selected from the group consisting of Zx, Ti, Hf, Ta, Y, Ca, Mg, 
La, Ce, Pr. Mn, Nb, Nd, Mo, Al and Si, and B represents one kind selected from the group consisting 
of: a single sut>stance of Sn; and Sn and at least one selected from the group consisting of Fe. V. Ni, 
Cr. Mn, Co. Cu. Zn, Al. Si. Nb. Mo. W, Mg. Ca. Y. Ta. Pd. Ag. Au. Cd, In. Bi. La. Ce. Pr. Nd, Th. Sm 
20 and Mm (Mm represents a mixture of rare earth elements); a represents a value of from 1.5 to 2.5, and 
A and B are different elements], wherein the alloy phase substantially belongs to Lavas phase of 
intermetallic compound with a crystalline structure of hexagon-symmetrical CI4 type having crystalline 
lattice constants of a = 4.8 to 5^ and c = 7.9 to 8.3 and/or cubic-symmetrical CI5 type having 
crystalline lattice constant of a = 6.92 to 7.70. 

25 

a A method of producing a hydrogen-storing alloy according to Claim 7, wherein said alloy or Its 
hydrogenated product contains, as the component A. at least 30 atom % of Zr. 

9. A method of producing a hydrogen-storing alloy according to one of Claims 6. 7 and 8. wherein said 
30 alloy or its hydrogenated product is expressed by a general formula of ZraNi7M5. [where a.7 and 6 

represent atomic ratios of Zr. Ni and M satisfying the conditions of a = 0.5 to 1.5. 7 = 0.4 to 2.5 and 5 
= 0.01 to 1.8. 7 + s «1.2 to 3.7, while M represents one selected from the group consisting of: a 
single substance of Sn; and Sn and at least one selected from the group consisting of Fe. V. Mg. Ca. Y. 
Hf. Nb, Ta. Cr. Mo. W. Mn. Co. Pd. Cu. Ag. Au. Zn. Cd. Al. Si. In. Bi. La. Ce. Mm. Pr. Nd. Th and Sm]. 

35 

10. An electrode made of a hydrogen-storing alloy produced by utilizing at least a zircalby (Zr-Sn alloy) as 
a starting material. 

11. A metiiod of producing a hydrogen-storing alloy, characterized by using, as a starting material, at least 
40 a ferrovanadium (V-Fe alloy). 

12. A method of producing a hydrogen-storing alloy according to claim 11, characterized by using, as a 
starting material, at least a fenrovanadium (V-Fe alloy), wherein said hydrogen-storing alloy is an alloy 
expressed by a general formula of ABa or a hyrogenation product thereof [where. A represents at least 

45 one selected from the group consisting of Zr, Ti, Hf, Ta, Y, Ca, Mg, La, Ce. Pr. Mn, Nb. Nd. Mo, Al and 
Si and b represents one selected from the group consisting of: V and Fe; arKi V. Fe and the balance 
substantially at least one selected from the group consisting of Ni, cr. Mn, Co, Cu. Zn. Al, Si, Nb. Mo. 
W. Mg, Ca, Y. Ta. Pd. Ag, Au, Cd. In, Sn. Bi, La. Ce. Mm, Pr. Nd, Th and Sm (Mm represents a mixture 
of rare earth elements; a represents a value of from 1.5 to 2.5; and A and B are different elements], 

50 wherein the alloy phase substantially belongs to Lavas phase of intermetallic compound with a 
crystalline structure of hexagon-symmetrical CI4 type having crystalline lattice constants of a = 4.8 to 
5.2 and c = 7.9 to 8.3 and/or cubic-symmetrical CI5 type having crystalline lattice constant of a = 6.92 
to 7.70. 

55 13. A metiiod of producing a hydrogen-storing alloy according to Claim 12. wher in said ferrovanadium (V- 
alloy) contains at least 50 atoms % V. 

14. A metiiod of producing a hydrogen-^istoring alloy according to Claim 12, wherein said alloy or its 
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hydrogenated product contains, as th component A. at least 30 atomic % Zr. 

15- A method of producing a hydrogen-storing all y according t one of Claims 11. 12. 13 and 14. wh rein 
said alloy or its hydrogenated product is xpressed by a g neral formula of ZraV^NiyM*. wh re o. ^. 7 
and B represent atomic ratios of Zr. V. Ni and M satisfying the conditions of a = 0.5 to 1.5, ^ = 0.01 to 
1.2, 7 = 0.4 to 2.5 and a = 0.01 to 1.8, iS + 7 + 5 = 12 to 3.7, while M represents one selected from 
the group consisting of: a single substance of Fe; and Fe and at least one selected from the group 
consisting of Mg, Ca. Y. Hf, Nb, Ta. Cr. Mo, W. Mn, Co. Pd. Cu. Ag, Au. Zn. Cd. Ai, Si. In, Sn, Bi, La. 
Ce, Mm, Pr, Nd, Th and Sm]. 

16. An electrode made of a hydrogen-storing alloy produced by utilizing at least a fenrovanadium (V-Fe 
alloy) as a starting material. 
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